David Strang 
  
the Transformation for T-Chart Data

The Effectiveness of

A systematic literature search identified eight studies from healthcare settings where a T-Chart tracked rare events [3 -10] and the only known study to assess the performance of 'special cause' rules with T-Charts [START_REF] Santiago | Control Charts Based on the Exponential Distribution: Adapting Runs Rules for the T Chart[END_REF] . Four studies [START_REF] Chumpia | Reducing the Rare Event: Lessons from the Implementation of a Ventilator Bundle[END_REF][START_REF] Goel | Implementation of an adapted Sepsis Risk Calculator algorithm to reduce antibiotic usage in the management of early onset neonatal sepsis: a multicentre initiative in Wales, UK[END_REF][START_REF] Padula | Building Information for Systematic Improvement of the Prevention of Hospital-Acquired Pressure Ulcers with Statistical Process Control Charts and Regression[END_REF][START_REF] Sullivan | Personalised performance feedback reduces narcotic prescription errors in a NICU[END_REF] were suitable for inclusion, as they provided a usable sample of data, whereas in another there was evidence of the observations being dependent [START_REF] Santiago | Control Charts Based on the Exponential Distribution: Adapting Runs Rules for the T Chart[END_REF] . None reported assessing skewness or kurtosis prior to transforming the data or after. For each sample it was possible to: (a) calculate skewness, (b) calculate kurtosis, and (c) carry out a Shapiro-Wilk Test. This test confirms whether the data follow a Normal distribution and has been shown to perform best versus others for asymmetric distributions and small sample sizes, however, it still lacks power for sample sizes less than 30 data points [START_REF] Yap | Comparisons of various types of normality tests[END_REF][START_REF] Razali | Power comparisons of shapiro-wilk, kolmogorov-smirnov, lilliefors and anderson-darling tests[END_REF][START_REF] Ghasemi | Normality tests for statistical analysis: a guide for non-statisticians[END_REF] . R version 4.2.2 with the "moments" package version 0.14.1 was used to calculate skewness and kurtosis whereas the shapiro.test function from Base R was used for the test. Quantitative tests should be accompanied by suitable plots, therefore, QQ plots produced using "ggpubr" package version 0.6.0 are included in Appendix 3 to help judge Normality.

It is possible for two rare events to occur on the same day, creating a time-between of zero days in the dataset, with recommendations that these extremes be replaced by an arbitrary 0.5 instead [START_REF] Provost | The Health Care Data Guide: Learning from Data for Improvement[END_REF][START_REF] Nishiura | Early detection of nosocomial outbreaks caused by rare pathogens: a case study employing score prediction interval. Osong public health and research perspectives[END_REF] . Note that, on average, the transformed value is much smaller than the original value whereas the zeros remain zeros. Sample data below show that changing zero to 0.5 gives a 0.8 in the transformed dataset. This is closer to that of the other transformed values and prevents zeros from influencing calculations carried out later (e.g. Upper Control Limit). No studies reported converting to 0.5, though the approach is included here, see Table 2 results.

Results

The transformation leads to a Weibull distribution, though a Normal distribution would be preferred when applying existing 'special cause' rules, therefore results are compared to the Normal distribution values of skewness = 0 and kurtosis = 3. The results for the transformed variable Y are shown in Table 1 and it can be seen that some negative skewness (asymmetry of the distribution) remains for each sample. The acceptable skewness varying for sample sizes n = 25, n = 30, n = 40, and so on [START_REF] Doane | Measuring skewness: a forgotten statistic?[END_REF] . Kurtosis of each sample is close to that of the Normal distribution except one [START_REF] Goel | Implementation of an adapted Sepsis Risk Calculator algorithm to reduce antibiotic usage in the management of early onset neonatal sepsis: a multicentre initiative in Wales, UK[END_REF] which is noticeably leptokurtic (i.e. indicating thick tails containing outliers). Regarding the Shapiro-Wilk Test, the Null Hypothesis is that the data come from a sample population that is Normally distributed, therefore when p-value < 0.05 the population is non-Normal. In this study two [START_REF] Goel | Implementation of an adapted Sepsis Risk Calculator algorithm to reduce antibiotic usage in the management of early onset neonatal sepsis: a multicentre initiative in Wales, UK[END_REF][START_REF] Sullivan | Personalised performance feedback reduces narcotic prescription errors in a NICU[END_REF] of four samples remained non-Normal following the transformation, according to the Shapiro-Wilk Test, however it is noted that these two samples had the larger sample sizes. The probability density plots in Appendix 1 show how the raw and transformed data appear visually.

Table 2 shows that replacing zeros (considered extreme values) with 0.5s as recommended [START_REF] Provost | The Health Care Data Guide: Learning from Data for Improvement[END_REF][START_REF] Nishiura | Early detection of nosocomial outbreaks caused by rare pathogens: a case study employing score prediction interval. Osong public health and research perspectives[END_REF] reduces skewness to almost zero for each sample, while causing all Shapiro-Wilk Tests to be non-statistically significant, and therefore approximately Normal. Subjectively, in the plots of Appendix 2 and Appendix 3, the transformed data are partially smoothed.

Conclusion

This study observed that T-Charts are not common in the published literature, that researchers could report the skewness and kurtosis of data to help understand whether conventional 'special cause' rules will be appropriate, and that Normality is not achieved in all cases using Nelson's power transformation. Textbooks on control charts also often discuss a minimum sample size of 20 while ideally collecting 30 -35 data points. It was observed here that a larger sample size also makes estimates for skewness, kurtosis, and Shapiro-Wilk Tests in asymmetric distributions more robust due to increased power provided. The recommendation of using 0.5 in place of zero appears to improve the effectiveness of the transformation, however, few sample were available. 

Non-Normal

  Zeros = 3 (8.8%) Skewness = 1.61 Kurtosis = 4.75 (+1.75) W = 0.78542 p-value <0.001 Skewness = -0.62 Kurtosis = 3.27 (+0.22) W = 0.93626 p-value = 0.053

Table 1 :

 1 Skewness, Kurtosis, and Shapiro-Wilk Test for Datasets Using T-Chart Data (Plotting Zeros for Events on Same Day)

	Date of Event	T. Between (Days)	Y	Date of Event	T. Between (Days)	Y
	16/07/2015			16/07/2015		
	29/07/2015	13	2.0	29/07/2015	13	2.0
	27/08/2015	29	2.5	27/08/2015	29	2.5
	30/08/2015	3	1.4	30/08/2015	3	1.4
	22/10/2015	53	3.0	22/10/2015	53	3.0
	22/10/2015	0	0.0	22/10/2015	0.5	0.8